It has long been believed that no crossing-over occurs in the male of Drosophila not only between the X and Y chromosomes but also between the homologous autosomes (MORGAN, '12, '14; MORGAN, BRIDGES, STURTEVANT, '25). The few alleged exceptional cases re ported by MULLER ('16), BRIDGES and MORGAN ('19) in D. melanogaster and by STURTEVANT ('29) in D. simulans have been attributed to one of the alternatives: mutation, reversion, deficiency, duplication or somatic crossing-over rather than to the gametic crossing-over.
Introduction
It has long been believed that no crossing-over occurs in the male of Drosophila not only between the X and Y chromosomes but also between the homologous autosomes (MORGAN, '12, '14; MORGAN, BRIDGES, STURTEVANT, '25) . The few alleged exceptional cases re ported by MULLER ('16), BRIDGES and MORGAN ('19) in D. melanogaster and by STURTEVANT ('29) in D. simulans have been attributed to one of the alternatives: mutation, reversion, deficiency, duplication or somatic crossing-over rather than to the gametic crossing-over.
However, KAUFMANN ('33) showed recently that the attached XY chromosomes maybe formed from the occurrence of crossing-over between the X and Y chromosomes in the male.
As stated in my previous paper ('35) , if the frequency of homo synapsis in the XYY male is roughly proportional to the affinity of homologous chromosomes, or to the frequency of crossing-over, there seems to be some hope to discover the real case of crossing-over in the male of D. virilis.
An experiment performed on this problem has revealed beyond any doubt that such crossing-over does occur. A preliminary report was published in the Proceedings of the Imperial Academy of Tokyo in 1933. This paper contains a more detailed statement on this finding.
Material and Method
The second chromosome of D. virilis which is assumed to be the longest one from both the genetic and cytological aspect was used for the purpose. Four point-mutations locating in this chromosome, i. e. Confluent (dominant, veins and eye-surface, tentative locus 0.0), in complete (recessive. veins, tentative locus 0.1), Rounded (dominant, wing-shape, tentative locus 111.0) and varnished (recessive, eye-shape, eye-colour and eye-surface, tentative locus 128.0) were selected as the marked genes ( Fig. 1 ). These genes were selected, because:
(1) All the corresponding external characters express themselves very clearly and there is no difficulty in classifying the flies. Only incomplete overlaps, although very rarely, with the wild-type at low temperature, so that all the experiments were carried out at about Hence, the occurrence of these exceptions is to be accounted for by crossing-over in the male. The validity of this interpretation was further proved by subsequent examination of their genotypic constitu tions. Thus, the first exceptional female (in, R female in Exp. III) gave the following types among her offspring when she was mated to the in, va males: in, va 81, in, R 86, in, va, R 6, in 17. The second exceptional male (C, va male in Exp. VI) gave 217 in, va and 152 C, va flies when he was mated to the in, va females.
No trace of incomplete vein was seen amongst the individuals showing Confluent character. The third exceptional male (in, R male in Exp. X) gave 82 in, R and 65 in, va flies when he was mated to the in, va females.
Discussion
As MORGAN and his co-workers pointed out repeatedly, there is no a-priori reason why crossing-over is impossible in the male of Droso phila. On the contrary, it seems strange that this phenomenon has never been found. It is therefore by no means surprising, that any crossing-over is found in the male of D. virilis.
Similarly, we have every reason to expect crossing-over in the, male of D. melanogaster, though the frequency must certainly be lower than in D. virilis.
We are now aware of several cases of sex-difference in the cross over frequency, in Drosophila, silkworms, Orthoptera, Gammarus, domestic fowl and in mammals.
As to this phenomenon, HALDANE ('20) and HUXLEY ('29) offered the suggestion that the heterogametic sex gives smaller values of crossing-over than the homogametic one. This interpretation, however, appears to be inapplicable to the case of the domestic fowl as recently pointed out by HUTT ('33). ELOFF ('32) is of the opinion that the Y-chromosome of Drosophila shows a second ary enzyme action which prevents the crossing-over in the male; but there is no conclusive evidence for this physiological assumption. SANSOME ('33) states that the retardation of cell metabolism would increase the frequency of crossing-over.
However, his hypothesis is to be reconsidered, inasmuch as the effects of X-rays, temperature, and age of female of the crossover frequency, on which his assumption was based, are not so simple in D. virilis as he assumes (KIKKAWA, '34). In my opinion, the above-stated phenomenon seems to be accounted for by the assumption that there is a sexual difference in the affinity of homologous chromosomes (KIKKAWA, '35).
Summary
Upon the suggestion made in the preceding paper (KIKKAWA, '35), the problem of crossing-over in the male was studied experimentally. It was substantiated that crossing-over does actually occur in the male of D. virilis, though the frequency is very low, in the normal state.
